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(57) 

[Ml] $fi#S<J£m^rjg^f&©$fittm4£ 
[ ] ftgfiKA 1 0 4 #£{f flit A 1 2 £ ©fiSJ 

■c. £>smb#7 7 -(^ 1 4 , i4, • • • amm&tpM 

SI 6. 16, • • -*/n/r««;*h. lWtBXK. 

l-3©9ffc7T-f^.l 8#&tt3ft&. «Hb7 7-^'l 

r-/^'i4 i . 5 u m^vm^mm^ 

BfcfciflftS/? h • 7y^<T*4. %ttM4>fllftl 




1 

mm. 2) ±ia#tM{K#^&tt, mmmm 
mm 3 ] ±sttmm&mt\ r 4>m 

[ Wm 5 ] JJE»Rffiflbt^R**«f iBStcKW 
^n-Cl^W*« 1 ftM4(D{5Jti*> 1 JICClBi!<©ft££ 

#31 5 KiBtS©7fl£iM->* fA. 

[IM3I7] Etc. JJE^fi^Ktc. 1#3t«fiK:*jW 

siren 1 7bM7<D<5in*> i aKBttcweeafA?- 

A. 

S^S^S©JRl*fc^KKf&KWK:-S3 
HIS. SOf1t£»S«:*sW43Rai»S»ft4ftfll-r-5l 

©«[fi»ft«fi«ftt i fiiM©ffi * ©i&fifttfcifcB^tt* 

[»3»S10) ±§B#t&ffi«#¥#J&5i, ±IB«fS« 
©££ft# ^ feft#tfc£^i^5£feK©$g#tfctc|l|ft 

wk-ss**^ mutt zmonB *cett©*eai^ 

ffltcfcw £i:IB«ft#ti©i&g|«©££!!«ft{c «: 



(2) «pHJ^9- 1 6 2 80 5 

2 . 

*&mm 1 2 tcieis©^*«ai5. 
[ mm 1 4 ] ±8B^fwn«*^#g»i. 
flKgcc^^rc^gi^ai 2X«i 3iciet!c©*« 

So 

mm 1 5 1 ±iB^ffl«*^©*5, 3T ^. 

6 ft SflWBSl 4KIB»©3W* 

[11*11 16] ICC. #J«BM!«: JUIT «M«3i 1 
2 1 5 ©fflh* 1 «KiEK©3fc«W8S. 
10 C»«31 1 7 ] ±ffi»tMi«*^@KJ. _kffi48t« 

^»»SgjKfi©*«jftfi»lkK:||StW«:-a 
3tt£-<<ffli<rf&lii*ill 2 7bSl 6©fpjn^l«tc 

IB«©7t*^g o 

[*HW>KMttKI&] 
[0001] 

C«6*ltlStclBU <fc *7 7-/AiO:5 

fiE«SU t /XttJ2Jf«©3lfiejii'^^ASCf > ^Kft 
20 (Si^rAtcffli,^?lc*«ISK:Wrs„ 
[0 0 0 2] 

[ft&omffi) *»fidr~^;H5t^©fiffilt3fefij|S'>^ 
fATB, — ftStC. Jg^WXifctfr-SNRZ (N 
on-Return Zero) ^XttBDiOfe^U;* 

>fcj££5$tt. ft? r ^<©#*ratt£«fi#ft££.>< 

7>^?-&scir*. ^ft^u**-?-©^;*^* 

G tf 7 h /#©ffifl5it£i£r, 1 4. 000 km ©fifi 
30 ffi*G3l©«**J«fe3hr(,»S. 

[000 3] f5Jtt©£j£fr5£-C fc , *7t^ ^'«)» 

RffStii. «fi»lfc*J*-tfo©«|imi"C**ci3&> 
[ 0 o 0 4 ] tcr, »S^«5[©5Raffl*3f5tfflrt«:$iJ 

aafc»««ftt©»ft«i«7 r -r^ (^fb7 T a ><tm 
». ft&mowmamzmt. xmmmi 1 o<t^ 

^ftffi^ l l 2 i©Wr, W-v* ( 1 . 5 u 

»>7h7 7^<)*i«ffl3^. ) 1 14, 11 
4, • • • *^tfig^gi 16, 116, • • • fcfl- 
brg^$n, lfMfcKWCloCMWfc^T-fAi 1 8 
jWgttSftS. «it«. l*©fciMffl7fe7T -<^'l 1 4 
©S3B|!j4 0km, l^tKlffl©e»i, NRZ^SC 
50 Ttttt5 0 0km. 3feV'J h>fiai*a-Ctt2 0 0km 



(3) 

3 

[ o o o 5 ] m i i «. &m®.Micmz>mm&ft 

lfcffi£^T. 011 (a) BNRZ<£££S, m (b) 

*yy F>{S££5£?BjS»«:. 
tc&Sf £j;5tcia:!t$ttS c 

[ 0 0 0 6 ] 0 1 2 B, ifcg 1 , 500n m^O)iyt(B 
mi 1 8©«B8«fiXH*^-r. xjH^a- K-7* 10 

•7r-f^l2 OtCWDM (&£#M£S) 1 2 

2£/M,T#>7LD (U— if • F) 

;H2 4©HJ*U-1f**i«f, x;l>fc'7A- K-7- 

7r^l 2 0 5 JCft-oTH*. WDM* 

77 1 2 2<DTttJ(Ctt. KnWimffit 6tcib<D%7 

-f7U-* 1 2 6*iiegJ*tiTt,>£. #7 U F><3*# 

sSffltCB. Stc. TfcT^VU-^ 2 6©T«C, # 

7 -f^jflKaSftS ££(>**. *©3fc7 

l»fc>B. {f^$gwiS©7fe{i-Sf©&£ffijIT F^ - 

7 • 7 y ^^T*^„ 20 

[0007] 

[»W3&i)»*i/j:5irsiHi] essasEtcjfcfci- 

13 1 0 iCrn-TJ^ *) <C«fi»tirt«fll*a©*i5jllB{c«ft 

IPfe. £i£Jt&7y -Y^'l 1 ARumitVr 
^1 1 8©$g#f#f#ttB«tC. ifcfttCftUTlE©*! 
#£Wr*C£*»6. Wt^r-Ml 18tCj;t3£>&$ 
ft©$ft#ffc£tfntcfi{RT-#Tfc. ffe©$g©$S# 
ft£-tfcUcffl*ft(,>. 30 
[ 0 0 0 8 ] 0 1 3 B, £^#7 t <M 1 1 4&i>'^ 

f„ PHlBifeBftffc. 8M*B«fi*iJ*T. N R Z OaMJj 

Sfii, eami*7 r -f * 1 1 4 *. i mmmo^m 

7r^q 1 8il/T«H4BK&4J:5{cRfi-J-*. * 
7 'J F>{S££3ST-BjttC, ££^#7 r -M 1 14 
* . 1 WbBJ«©*IMS*a»#t m & U T#tt B «: & 
SiSfcRifU <Wk7T^^i l 8iL.r!|tttA(c^ 
S <fc 5 KWff *. m&M^tc 0 ©$fi#ffc 40 

b. zh?n<DGmmM-c<D%mm^ auwurg-tfa 

[000 9] 01 3#>6*>##>4<fc5«: < ifcSjfcRAm 
■C. r^qi 4©«g»tfc&3Mfc7 rA* 

1 1 8tc<t:9-fe'ntc-c£/<:ibTfc, WH8T-5S9©iSES 
A a, A b-CB-tfa«:?*&l>. C©fft;WEjiS§8ftC 
ffil>JR«U j*»C*«K»*t3K:&*. 01 4B, 3 
o©j&gl, 5 5 5 nm. 1, 5 58 nmRc>"l, 5 6 

i nmim^m^mucm^o), &&mmmtz>m 

WA&fMB&mt. El A (a) ttNRZ^S©^, 50 



#$¥9- 162 80 5 

4 

in ( b ) Bjfcy >; f >£aw-£©Jt£?* o . **ve*i 
[ooio] mm, NRzeai^srtt. u> i 

km3fc9©«fi»ft*i-2: Ops/nm/kmflS 
t § tar fc <3 . l£S£j££5£* jSffl b tc 1 * , 
fcSRH-W-Ctt. 1 km^c«i©i£fi#ffc#. jftfil, 
5 5 8nmT-2. Ops/nm/km, $gl, 55 
5nmf-2. 3ps/nm/km, 1 , 561n 
mr-1. 7 p s/nm/kmt*0, lkmS/c?)© 
i£fi#ffe©?&gCC>!tT£ffit#S0. 1 p s/nm/km 
/nmtc&£ 0 IP*.. (t^iftftiianmRttSi. Ik 
m^/t <3 ©j&ft#tfc#* 0. 3ps/nm/k m/cB&ft 
oT<S. imm.WHD&5mityr>(>il 14©£fi 
5:5 00 kmtU 3£fb7 r -O* l 1 8tCj:<3ifcgA s 
= 1 , 5 5 8 n m r©JR«SMWrtto&i-tf n tc & & J; 9 tc 
ISfl-ShTl^i-rSi. 014 (a) tc^TJcotc, 
JfiftfiWTttv^^x^ifijtc. fijfifiWTB7 , 7^^rSj 

fcXftfa&RWLlfirftTL*'). EP^, cp4>$gAs = 
1 , 5 5 8 n mfeW©«St?B. 3Kb7 r -f 1 1 8 tc 

Bi\ *a«s»«[©-rna*i^<ft4. 
[ooi US/c Tfev; l km^ 

3t 0 ©«fi^ft*J 0 . 4 p s / n m/ k mSfi^fi* b 

t. ^^.Rti-^TiS:. 1 kmS/c9©iSS»tt*i. «fi 
1, 55 8 nmT*0. 4 p s/nm/km. jftfi 1 , 5 
55nm"C0. 1 9 p s/nm/km. 1 , 561 
nmt'0. 61ps/nm/kmt'*5. 1 km^/cO 
©iftft»lk©ift*tc»-r5fS*3iJ0. 0 7 p s/nm/ 
km/nmtc&t?, fl^g^'3 nmS^c^i. 1km 
SA:«3©«fi^lto6iO. 2 1 p s/nm/km/cBMfc 

ot<-s„ im<m.M<Dfamyt7 7jJU 1 4©^s 

?:2 0 0 kmtl, «{b7y<f'<l i StC^fc^^gA s 
= 1, 5 5 8nmT©^)gS : »U!*5ifotC^|,J;^tC 
SftStlTl^i-TSi. 014 (b) tC^TJr^tC. 
^fiffJ-CBv-f^-^^CC. g^SffliJ-CB77X^ 

#'l>?fcBA s (= 1 , 5 5 8 nm) &,9\-<DW.MV 

b. wt7r<t'ii 1 8ic^xtmm&m^mm» 
[ooi2] as^tw^jKraiaffluyttg 

[0013] *»Wtt*fc. «fi»ft©«fitt#tt*ffi 
[00 14] 

[»H*ft?&1-*fc«>©#f8] **Wrtt. »»«KR* 



5 

[0015] ^0Mflt^^ft*j64i«IB(CR»«C 4 
[0016] ^CEMflbK9#»^7 r >m MfCtt -> 

[0017] 

HWlW)»»*IWHc«i!ir*. 
[ 0 0 1 8 ] H 1 12. 1 • 5u m$fcfcWS«fi$MW£ 

svri&SBraa. 3feii{iS&i i o i^gm*^ i 2 4 

©HT. fejgflDfc^T^il 4. 14, • • -iijiyttt 20 
«g§16, 16, • • • %^0r»«E3ti. HWbE 

rate io©^{t7 r ^a'i 8*mmztiz>. mtv7 4 

A*l 8tt. fttt. 9fbEIBJ©»i8K:|3II3ftS. 
%V-r4*\A ttffliLti. 1 . 5 y m$-C«fi»ft*J« 

[001 9] tmnii^ttcc. i*<Deasffl*7T^A 

14 ©S3 <BP%. 4»8t) li^Okm, 1 «WbK 
RflClESite N R Zfii£73j£T«ift 2 0 0 km, %v 'J h 
>£3&#S:t?fi5 0 0 kmT*5. SHfc? 7 l 8 30 

1. 55 8 nmiCOC^r. 1 tWfcKW©££ffl#7 r A 

[0 020] *Jtjtffl®%*Btti4>ilK8 1 6 tt'. 1.5m 

©«^ft©&g^tt 4 «&©<$# (mmictt. ttft 

K^U7^A©ffij) ©«g#ttfttt«:J:9«6# 
©IB«)fcB#tfc©g£ffifllT?>. CtUCfcO. «*.«. 
3o©j&gl, 5 5 5 nm. 1, 5 5 8nmSO*l, 5 
6 1 nm^^tM^lt^iLr, i3£mif? 40 
r<f'<l 4(Cfett*jRftl. 555nmMiSl, 5 
6 1 nm©€Hfcft»tt*. ttft 1 . 5 5 8 nm©ififi» 

ft? 7^1 8K.£Z>Wt&Vte< Ht77^<l 8© 

[ o o 2 i ] n r z eas^rsctca ufc^if hemes 1 6 50 



«fH¥9- 1 6 2 8 0 5 

6 

©«&$>i!c£02it^1\ S*Wtcttfie*tf|4igii;r* 
?felil»cjgfi{cWUt-7-Yt^©ffl*©igfi^ 

;bt*-7A • F-7'- 7t^<2 0KWDM*7"72 2* 
^■Or#>^LD (U— tf • Y) *i>*-)\,2 

4 ©tti;f>U~1f x;l/tf5>A • F-7'-7t-/ 
'<2 0*ffllilBT$«fc5K:&-5 , tC»S. WDM*7?2 2 
©T«[»Ht ». SWfcfcaUKT 2. fc#>©#T A V U— $ 

2 6*5ieg$n, scc-e©Tffifflijic, c©#wi4« 

1 6©W|g(CS^$n^GjMffi7t7 7 1 4'©«fi# 

»©&fi«©-rn>&tii«-rs^M«^^- : F2 8*^ 
[ 0 0 2 2 ] n r z temttv^mm^m* 2 8 k 

2 Bit, iWtffcftl. 55 8 nmtC*fLTtt-tfO&tfeT 
*9. ttSl. 5 5 5nm(t*tLT:/7*©#$[, 

1. 56 1 nmtC»UT-7^^^©^|fe*4iL4. 
[002 3] NR Z#3&C»T£5fc©$ttt0|-Ctt. ff-Sf 
jftgA* 3 n mgfc S 4 . 1 kmS/c'3 ©«£#»# 0 . 
3ps/nm/km»^»), #*tiffi(»*U 0 k m T 
*S*>6. 3 n m*&5ttfilBI©JRl*iftg$T»©gH: 1 
2ps/nmi45. S£oT, 03K:^TJ:^c. 
IH*?S ; F2 8tt, tMtfSfil. 5 58 nm&C*tUT 
tt-tf *fi 1 . 5 5 5 n m(c«-r5»»4 1 2 p 

s/nm, jftSl. 56 1 nmKWri^Kt*- 1 2 p 
s/nro4-fttt£J:lr>. 

[0 02 4]H4«. H3fc^*1$tt*JttrrS#tMi 

«*^^2 8(c«t6. &aaeii(c»-r«x8ittfi»ft 

©fttt£^To &*it»gt*Sll 6©»»»flbt^3R^- 
2 8tt. 4>4>©jfiAl. 558 nm©*fi-^(C^br{5I 
<>-&r. «fi 1 , 5 5 5 n m©JSat$fi#ffc£$fi 1 , 

5 5 8 ©JR8Hftg$MRK:-ai* jftfi 1 , 5 6 1 n m 
©^a«S^t$(?:«S 1 . 5 5 8 n m©!HS$g#ffc«: 

[ o o 2 5 ] 36 v h y&m&vftmtiiy&m 2 

8(CS*5tlS«g^ft!{^tt0^115{C^-r o Jfey'J h 

1, 55 8 nmtC#OTtt-tfB£ft?*»). jftfi 1 , 5 
5 5nm{C»OT^5^©»«t l iftftl. 56 1nm(C 
»LTv-ft^©»ft*4itS. 

[ o. o 2 6 ] #v y h y&m&icmz>ftm.mv 

tt. 3 n § t , i k m^/c 0 ©«g# 

IWO. 2 1 p s/nm/km)t*wa5c»j. $«H©Jt# 
4 0km-C***6. 3nmA««ttfim©jR1XiI{A^ 
»©*«. 8. 4ps/nmi«t4. Sfor. 05(c^ 
■fcfc^K. cf^Sl, 5 58nmKWL/T«HfO^ 
ft. ftftl. 5 5 5 nm(C*fr4iftft»|i(*8. 4ps 
Am, ttftl. 5 6 1 nmKtt?Z$L&ftm-8. 
4ps/nmttn«J;i>. 

[0 02 7] 06tt. H5tc3vTWtt**<lt4»tt1i 



©#tt*^-f. &#if ifMSI 1 6 ©#»««£¥&?• 
2 8tt. jftfil. 5 5 8nm©^ff^(CMbTttf5Jfc-lf 
T . ft& 1 , 5 5 5 n m©£$$fi#ffc*$g 1.55 
8 ©^a^fi»|j!CC-g:§ tt. jftg 1 , 5 6 1 n m©$ 
flfififi»ft*iftft 1 . 5 5 8 n mOjRSIttfi^tiiKHS 

[0 02 8] C©«fc5tC. jfifitC*fUr«t*i-7^^^ 

2 8 tt. %■? ? 4*m&v*>i><Dmt 

[0 029] #&Mtt;&?*^2 8 tt. #Rtt, 1 y A 

^#fflttjffi^JtrcjfflJWWtaffl*r*©K< ft£gR#£» 
>&b/c. 3 2att. 373 2©. /gftr*©itj < ft -5 /cSB 20 

1 , 0 7 8 n m, ^M,tt$fi2 4 7 n m©K r F U 

fcg|3#©ft;*tt 1 OmmtM. 
[0 030] 0 8tt. 07K7nT7 r -f/t • tfU-f-j 

yv<Dmmm\»t*^L. 09 tt. c©»as^tttc2i 

Kfo&ftWLft&Zm?. 09(C^;*ttS c fc5(c, 1, 
9. U>>*>. »g{c*fLrv^T-^©ffl*{cftSjgs^ 

tM#tt*2&JR?*-Ct»S. 09Ttt. *©£*#«* 1 30 
nmK*fOTfi5psTft5. NRZfe^l^SCtCWT^ 
5t©»ilWt?tt. 3 n mCC&gSfcKWOrSMSWrtfc&t 1 
2 psHft £©-<?. 5-&<Dyct%$8$>Mmi l C-z>$4i3<D%: 
H9(c^r»fi»IM*tt©»IWiflbfe^ 

jfrf 2 8 sam? **wicMtE8 t-rnttck t». 
[0031] gp^. ±mnK»mmtcmm 

Wt^m* 2 8 *R» z> C i -r* fc ©"Cttft 

<. ®S^tmtt(c)J;DfcjiS^ftiB»©»fij«lflt^3!l 

[0032] ±simmmvit, aimwt&x* 2 8 © 40 

»fiaiM#tt*. *B£©iftS 1. 5 5 8 nm) 

T-fefPtU ffi©«ft©iftft»lk*EXttiiiUte*i. 
feB KW U T v 4 t- ^ ©&g#tfc#tt i ft o T l> -6 IS 
0 . siJ1*L t#SlO«fiTitt^|W^aT*5C i tt 

$S#tfctt. *tl£ttiJ*UMWfc7T^<l 8CCj:i)Jg 

[0 03 3] 

[^bj©^j*] &.±(omm^h^cmmv^6J: f > 

fC. *^BJ(Cctntt, ttftfttt©ttftn©SA&tlMtls 50 
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r. mtt. -enter* s©-c. $Sjfcg#»©j8fift 

fc. ^tftffl«^S?:r5fflb/c:SII§liifRD ; /Xtt)A^E 
[0ffi©ffi#ft^BJ] 

[0 1 ] *l6W©-SS»fl"l©««fllfiSH-C*4. 

[02] n r z &mwuc& u tcftumtpMs 1 6 © 

[03] n r z &mtticm hftmm&n* 2 

[04] 03 {c^r«ftt%^*"r 4»ft«flbt^»^ 
2 8 Kj: 5. e^sBSt^«^^©!t#tt0-c$,^ o 

[0 5 ] *v y h >GaS*S(C«T4»ft»«3^3R 
* 2 8©»^fSPl$ttBrc*S. 

[0 6 ] 05 «^*<*tt****a*HM«#*a^ 
2 8 tc J: £. e2lffi«t*f*««fi»tSj©1*ttHrftS. 

[07] • ^U-^-f >^fi^(cj:0l|3i3 

[08] mit l C7ji?7rJji->/U~~f--t>?(Dmm 

[09] 08 K^rsasfttttcs-? < «s#iraste 
■cab*. 

[010] ^TO«^©fi£*^l©Kis^0r* 

So 

[011] *£»ffi(lK:*5W5)RBI«*»*ffl*^-r 

0r$>s„ 

[012] m& 1 . 5 0 0 n m&<D%®m<PM% 1 1 
6©8WHtJdeig?*3. 

[013] £iiM7 7^q i4M'f<t7 7 ^A 
11 8©$fi#ffc©«fi$#tt©g£S0-C*&o 
[014] «S1, 55 5nm, 1, 5 5 8 nmM 
1.56 1 nmOftft^K^flCjuWi. £&Blt(C*f 

[##©ifiHj] 
i o : iftmmm 

1 2 : TfcSflJSiJi 

14 :fcll7E7 7^^ 

1 6 : *ltt*i*ffi3§ 

1 8 :Ht7 7-f/< 

2 0 : x;l/t'^A • K-7" • 77-f^ 
2 2 : WDM* 75 

2 4 :*>7LD (U— !f • ty*-Jl/ 
26 :%74V\s-$ 

2 8 : #tM*flbte¥J*f 

3 0 \W5&7mVvA* 
3 2:37 

32 a :373 2©. Jlfft^©^ < ft -o fcSP# 
34:f7-;F 
110: fiiSl 
112: *«fl| MA 



114: GSffllty r 4 '< 

116: fttmtpM& 

118: mtlyirt 

120: x^t'-^A • h"-7'- 7tA* 



(6) 9 - 1 6 2 8 0 5 

10 

* 1 2 2 : 

124: *">7'LD (U- if • #4*-'K> *J?*-.fl/ 
128 :#7<fVl/-* 



10 

4 « 



14 



1] 



18 14 14 18 

H^-AjA^- Y 1 

16 1ft 16 16 



ie 16 

m \+mmm 



[H2] 



16 16 



12 



[03] 
fc£#«fc(ps/nm) 







k 




1 




- 12 




( 1,555nm 


1,S58nm 




1,561nm 




-12 








[Q94] 



* 

ft 




*WM»16 



xs=1 ,555nm 



(7) 



ttmW- 9- 1 6 2 80 5 




[06] 





(8) 



#F*W9 - 1 6 2 8 0 5 



[010] 



[HI 2] 



120 



110 

114 

tt 

ft 



7 114 118 114 114 118 r^ 

116 116 116 L 16 116 * 



116 116 



112 



122 126 

-1*—, \£h% 



y< 



-124 



1 1 ] 



« 0 
ft 



-1 ( 000ps/nm 



80ps/nm 
ft 







Xs=1,558nm 


7 




(a)NRZ£# 


► 




^y \ Xs=1,558nm 


— ^^^^ — ^~ 










[013] 






-A 











Xa Xm Xb j&g 

(1,565nm) (1,568nm) (1 r 561nm) 



(9) I 



nmW-Q- 1 6 2 8 0 5 



14] 



ft 



1,581nm 




,1 ,561 nm 




[^ttHiEft] 

[«HJB] ¥$8^1 £ 1 OB 

i&mmE 1 1 
[ffiiB=tm»j«] mm 
immmmsz) mi a 



« 0 
ft 
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[0018] 

FIG. 1 is a schematic view showing a general construction of one embodiment 
of the present invention applied to a wavelength division multiplex optical transmission 
system in a 1 .5 |im band. Between an optical transmission terminal station 10 and an 
optical reception terminal station 12, transmission optical fibers 14, 14, ... are 
connected via optical amplification repeaters 16, 16, and one equalization fiber 18 is 
connected to a one-equalization interval. The equalization fiber 18 is typically 
disposed at a terminal of the equalization interval. The transmission optical fiber 14, 
for example, is an optical fiber of which wavelength dispersion is almost zero (so-called 
dispersion shift fiber) in the 1 .5 \im band. 
[0019] 

As in the prior art, a length of one transmission optical fiber 14 (i.e., a repeating 
distance) is about 40 km; and a distance between one-equalization zones is about 200 
km in NRZ transmission system, and about 500 km in optical soliton transmission 
system. As in an equalization fiber 118, with respect to a central wavelength Xs = 
1,558 nm, the equalization fiber 18 is designed to compensate for wavelength 
dispersion by means of the transmission optical fiber 14 of a one-equalization interval. 
[0020] 

The optical amplification repeater 16 of the present embodiment amplifies an 
optical signal of 1.5 \xm band and compensates for a difference in cumulative 
wavelength dispersion for each wavelength in accordance with wavelength dispersion 
characteristics of a gradient which is opposite to that of wavelength characteristics of 
wavelength dispersion of the transmission optical fiber 14 (specifically, a minus 
gradient relative to the wavelength). In this manner, for example, assuming that 
wavelength division multiplexing is performed using three wavelengths of 1 ,555 nm, 
1,558 nm, and 1,561 nm, wavelength dispersions of the wavelengths of 1,555 nm and 
1,561 nm in the transmission optical fiber 14 are caused to substantially match the 
wavelength dispersion of the wavelength 1 ,558 nm. As a result, wavelength 
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dispersion values which differ from wavelength to wavelength in the transmission 
optical fibers 14 are adjusted to a constant value which is not dependent on 
wavelengths by means of the optical amplification repeater 16. After equalization by 
means of the equalization fiber 18, only a difference in wavelength dispersion based on 
wavelength dependency of the equalization fiber 18 appears as a difference in 
cumulative wavelength dispersion of wavelengths, and this is almost ignorable. 
[0021] 

FIG. 2 shows a general construction of an optical amplification repeater 16 
suitable for the NRZ transmission system. This construction is basically identical to 
that of the prior art, and is different therefrom in that a dispersion compensation 
element is provided which comprises wavelength dispersion characteristics of a minus 
gradient relative to wavelengths at the optical output side. The output laser beams of 
a pump LD (laser diode) module 24 are guided via a WDM coupler 22 to an erbium 
doped fiber 20 so as to excite the erbium doped fiber 20. An optical isolator 26 for 
interrupting reflection light is disposed at the downstream side of the WDM coupler 22, 
and at the further downstream side thereof, a dispersion compensation optical element 
28 is connected for compensating for deviation in each wavelength, of wavelength 
dispersion of the transmission optical fiber 14 connected to a front stage of this optical 
amplification repeater 16. 
[0022] 

FIG. 3 shows a chart of wavelength dispersion characteristics required for the 
dispersion compensation optical element 28 in the NRZ transmission system. The 
dispersion compensation element 28 is zero-dispersion relative to a central wavelength 
of 1,558 nm, and imparts positive dispersion to a central wavelength of 1,555 nm and 
negative dispersion to a wavelength of 1 ,561 nm. 
[0023] 

In the previous numerical example relative to the NRZ system, if signal 
wavelengths are different by 3 nm, wavelength dispersions per 1 km are different by 0.3 
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ps/nm/km. A repeating distance is 40 km, and thus, a difference in cumulative 
wavelength dispersion between wavelengths which are different from each other by 3 
nm is obtained as 12 ps/nm. Therefore, as shown in FIG. 3, the dispersion 
compensation optical element 28 may be set to zero dispersion relative to a central 
wavelength of 1 ,558 nm; dispersion relative to a wavelength of 1 ,555 nm may be set to 
12 ps/nm; and dispersion relative to a wavelength of 1,561 nm may be set to -12 ps/nm. 
[0024] 

FIG. 4 shows characteristics of cumulative wavelength dispersion relative to a 
transmission distance by means of the dispersion compensation optical element 28 
provided with the characteristics shown in FIG. 3. The dispersion compensation 
optical element 28 of each optical amplification repeater 16 does nothing relative to an 
optical signal with a central wavelength of 1,558 nm, matches cumulative wavelength 
dispersion of a wavelength of 1 ,555 nm with that of a wavelength of 1 ,558 nm, and then, 
matches cumulative wavelength dispersion of a wavelength of 1,561 nm with that of a. 
wavelength of 1,558 nm. 
[0025] 

FIG. 5 shows a chart of wavelength dispersion characteristics required for the 
dispersion compensation optical element 28 in an optical soliton transmission system. 
Also in the optical soliton transmission system, the dispersion compensation optical 
element 28 is zero-dispersion relative to a central wavelength of 1,558 nm, imparts 
positive dispersion to a wavelength of 1,555 nm, and imparts negative dispersion to a 
wavelength of 1,561 nm. 
[0026] 

In the previous numerical example relative to the optical soliton transmission 
system, if signal wavelengths are different by 3 nm, wavelength dispersions per 1 km 
are different by 0.21 ps/nm/km. A repeating distance is 40 km, and thus, a difference 
in cumulative wavelength dispersion between wavelengths which are different from 
each other by 3 nm is obtained as 8.4 ps/nm. Therefore, as shown in FIG. 5, zero 
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dispersion may be set to a central wavelength of 1,558 nm, wavelength dispersion 
relative to a wavelength of 1 ,555 nm may be set to 8.4 ps/nm, and wavelength 
dispersion relative to a wavelength of 1 ,561 nm may be set to -8.4 ps/nm. 
[0027] 

FIG. 6 shows characteristics of cumulative wavelength dispersion relative to a 
transmission distance by means of the dispersion compensation optical element 28 
provided with the characteristics shown in FIG. 5. The dispersion compensation 
optical element 28 of each optical amplification repeater 16 does nothing relative to an 
optical signal with a central wavelength of 1,558 nm, matches cumulative wavelength 
dispersion of a wavelength of 1 ,555 nm with that of a wavelength of 1 ,558 nm, and then, 
matches cumulative wavelength dispersion of a wavelength of 1 ,561 nm with that of a 
wavelength of 1,558 nm. 
[0028] 

In this manner, the dispersion compensation element 28 provided with 
wavelength dispersion characteristics of which a gradient is minus relative to a 
wavelength can be realized by properly selecting a composition and a waveguide 
structure. It is preferable that the dispersion compensation optical element 28 should 
have an optical fiber structure. By providing the optical fiber structure, connectivity 
with another optical fiber is improved to make the element easy to use. 
[0029] 

The dispersion compensation optical element 28 can be realized by utilizing a 
fiber grating technique, for example. FIG. 7 shows a general construction of the 
optical element. After hydrogen treatment of a germanium-doped stepped core type 
optical fiber 30, ultraviolet-ray exposure is performed using a phase mask, thereby 
forming a portion of which a refractive index becomes high periodically at a 
predetermined period in the longitudinal direction of a core 32. Reference numeral 
32a denotes a portion in the core 32 of which refractive index is high, and reference 
numeral 34 denotes clad portion. Pitches of the phase mask are 1 ,078 nm, an 
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ultraviolet-ray source is a KrF laser having a wavelength of 247 nm, and exposure was 
performed for 5 minutes. A length of a portion of which grating has been formed is 10 
mm. 
[0030] 

FIG. 8 shows group delay characteristics of the fiber grating shown in FIG. 7. 
FIG. 9 shows wavelength dispersion characteristics based on the group delay 
characteristics. As shown in FIG. 9, it is possible to set wavelength dispersion to zero 
in the vicinity of 1,555 nm, and moreover, wavelength dispersion characteristics of 
which a negative gradient is obtained with respect to a wavelength have been achieved. 
In FIG. 9, the gradient is about 5 ps relative to a wavelength of 1 nm. In the previous 
numerical example relative to the NRZ transmission system, wavelength dispersions 
are different by 12 ps relative to a wavelength difference of 3 nm, and thus, four optical 
amplification repeaters in every five optical amplification repeaters may be provided as 
optical amplification repeaters each provided with the dispersion compensation optical 
element 28 having the wavelength dispersion characteristics shown in FIG. 9. 
[0031] 

In other words, the present invention does not need to provide the dispersion 
compensation optical element 28 at all the optical amplification repeaters, and a 
suitable number of dispersion compensation optical elements 28 according to 
wavelength dispersion characteristics may be properly disposed at adequate intervals. 
[0032] 

In the above described embodiment, the wavelength dispersion characteristics 
of the dispersion compensation optical element 28 are set to zero in a specific 
wavelength (for example, 1,558 nm), and the wavelength dispersion of other 
wavelengths is set to be positive or negative. However, wavelength dispersion does 
not always need to be zero in a specific wavelength as long as negative wavelength 
dispersion characteristics relative to a wavelength are provided. This is because the 
wavelength dispersion to be added or subtracted by means of a dispersion 
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compensation optical element may be compensated for by means of an equalization 

fiber 18 considering such dispersion. 

[0033] 

[Advantage of the Invention] 

As is easily understood from the foregoing description, according to the present 
invention, a difference between wavelengths of wavelength dispersion is compensated 
for, and for example, can be set to zero, so that wavelength dependency of cumulative 
wavelength dispersion can be eliminated. In this manner, in a wavelength division 
multiplex system as well, a long distance and/or broadband transmission utilizing a 
dispersion compensation system can be achieved. 
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Abstract of JP91 62805 
PROBLEM TO BE SOLVED: To avoid the 
wavelength dependence of wavelength 
dispersion in a wavelength division multiplex 
system. SOLUTION: Transmission optical fibers 
14, 14,... are connected between an optical 
transmission terminal station 10 and an optical 
reception terminal station 12 via optical amplifier 
repeaters 16, 16,... and one equalization fiber 18 
is connected for one equalization block. The 
equalization fiber 18 is usually at the end of an 
equalization block. A dispersion shift fiber, e.g. 
where wavelength dispersion is nearly zero at a 
1 .5&mu m band is adopted for the equalization 
fiber. An optical amplifier repeater 16 is provided 
with a dispersion compensation optical element 
having a wavelength dispersion characteristic 
with an inverse gradient (specifically negative 
gradation with respect to the wavelength) to a 
wavelength characteristic of the wavelength 
dispersion of the transmission optical fiber 14 in 
addition to an optical amplifier means. A 
difference from accumulated wavelength 
dispersion for each wavelength is compensated 
by using the dispersion compensation optical 
element. The dispersion compensation optical 
element is realized by fiber grating. 
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